Let D be a digraph, and let L n (D) and k(D) denote the nth iterated line digraph of D and the index of convergence of D, respectively. We prove that if D contains neither sources nor sinks, then: 
Introduction
Throughout this paper D = (V (D); A(D)) will denote a digraph allowed to have loops but not multiple arcs (arcs of the form (v i ; v j ) and (v j ; v i ) are allowed), with the vertex-set V (D) = {v 1 ; v 2 ; : : : ; v n } and the arc-set A(D) = {x 1 ; x 2 ; : : : ; x m }. Let C n denote a directed cycle of length n. The directed cycle of length 1 is a loop. If D has no directed cycles then we say that D is acyclic. We deÿne the connected components of D as the connected components of the underlying graph of D, which are di erent from strongly connected components of D. If D has only one connected component then we say that D is a connected digraph. A source is a vertex with in-valency 0, This work is supported by NSFC(19971071) and FJECF(JA97138).
and a sink is a vertex with out-valency 0 (see [1] ). We take all operations of matrices in this paper to be Boolean operations.
In 1960, Harary and Norman [5] 
The line digraph and its iterated line digraphs have been discussed in [1] [2] [3] [5] [6] [7] [8] 11, 12] .
Suppose A = (a ij ) n×n is the adjacency matrix of the digraph D, where where A i = A j if max(i; j) ¡ k + p and i = j. A digraph D is primitive if it is strongly connected and p(D) = 1. It is well known (see [10] Then B 0 and B 1 are said to be the out-incidence matrix and the in-incidence matrix of D (see [8, 9] ). Zuo [12] considered the relations between k(D) and k(L(D)) and between p(D) and p(L(D)) and obtained the following results. 
The following propositions are due to Hemminger and Beineke [7] , Lin and Zhang [8] and Liu [9] . Proposition 1.3 (Hemminger and Beineke [7] ). Let D be a digraph with n vertices (none of which is isolated). Then [8] and Liu [9] ). Let D be a digraph, with outincidence matrix B 0 and in-incidence matrix B 1 . Then A = B 0 B 
Remark 2. By Theorem 9.1 in [7] , the ÿrst property in Deÿnition 1.6 holds if and only if D has no directed cycles. [4] and Liu [9] ). Let D be a strongly connected digraph. Then its period p is equal to the greatest common factor of the lengths of directed cycles in D. The following lemma is obvious and useful.
Lemma 2.2 (Brualdi and Ryser
Lemma 2.4. Let D be a digraph with adjacency matrix A = (a ij ), and let a
Then a 
Moreover, the index of convergence of D is hereditary. We have three claims as follows:
Proof. If every connected component
. By Lemma 2.1, we have B . By the equality B 
. Theorem 2.7 is a partial solution to these problems.
Digraphs with sources or sinks
In Section 2, we determined the index of convergence of digraphs without sources and sinks. If a digraph contains a source or a sink, then the examples in Remark 3 in Section 1 and in the following remark show that the situation is di erent. When there are no sources or no sinks, the following theorem yields a stronger result than that of Proposition 1.1. Proof. First, we assume that D has no sinks. Let k(D) = k, and k(L(D)) = k L , and let p(D) = p. By Proposition 1.1, we only need to prove that k L = k − 1. We distinguish the following three cases:
. Hence B 
